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ABSTRACT 
Conversions of grasslands to row crop agriculture over recent decades have contributed to steep 
declines in grassland bird populations in the Midwest. On top of habitat loss, the cessation of 
historic disturbance regimes on remaining grasslands has served to homogenize vegetation 
structure. Because grassland birds evolved in the context of the interactive disturbances of fire 
and grazing, their habitat requirements vary over a range of habitat structures. Patch-burn 
grazing is a management technique that has added benefits over other grassland management 
because it mimics historic disturbance using fire and grazing to provide a wide range of habitat 
types for grassland birds.  
 I examined patch-burn grazing as a tool for grassland bird habitat management in the 
Grand River Grasslands of southern Iowa and northern Missouri. Research began on these sites 
in 2006, but results from the first phase (2007-2009) indicated patch-burning was not increasing 
heterogeneity as expected, and that birds were not responding to management. Cattle stocking 
rates were adjusted in 2010 in hopes of increasing management efficacy. My research utilized 
data collected between 2010-2013, and was focused on two broad questions: 1) can management 
adjustments, specifically to stocking rates, improve the efficacy of patch-burn grazing, leading to 
increased diversity of grassland birds? and 2) how does nest-site selection relate to nest success 
in three grassland bird species, and what does this mean in the context of management? I found 
that reduced stocking rates on patch-burned sites increased pasture-level heterogeneity, leading 
to increased avian diversity on these sites. Among focal species, dickcissels (Spiza americana) 
selected nest sites with more woody cover, while eastern meadowlarks (Sturnella magna) and 
grasshopper sparrows (Ammodramus savannarum) selected areas with increased cover of warm-
season grasses and litter. Though I observed strong trends in selection, selected traits did not 
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appear to influence nest success, likely due to the diversity of nest predators in this system. 
Probability of nest survival on patch-burned pastures was comparable to other studies focused on 
responses of survival to management, and treatment did not strongly influence survival. My 
research provides evidence that patch-burn grazing can be adjusted for successful use in 
fragmented landscapes, providing diverse habitat for many species of grassland bird without 
negatively influencing nest survival.  
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CHAPTER 1 
GENERAL INTRODUCTION AND LITERATURE REVIEW 
 
General Information 
Declines of grassland bird populations in the Western Hemisphere have been a topic of concern 
for at least two decades (Vickery and Herkert 1999). As these declines persist (Sauer et al. 2012), 
managers and researchers continue to investigate ways to create and improve grassland habitat. 
Less than 1% of grassland habitat remains in the tallgrass ecoregion of United States (Samson 
and Knopf 1994), and much of it occurs as privately owned hayfields or grazing land for cattle 
(Herkert et al. 1996). Though hayfields and grazed areas can provide some habitat for grassland 
species (Warren and Anderson 2005, Rahmig et al. 2009), even these lands are currently 
experiencing high rates of conversion to row crop agriculture (Wimberly and Wright 2013). 
Protecting as much grassland habitat as possible and properly managing what little habitat 
remains should be key goals for managers.  
  One of the largest issues with managing remnant and restored prairie is the suppression of 
historic disturbance regimes. The tallgrass prairie ecosystem evolved under frequent and intense 
disturbance regimes (Knopf 1996, Brawn et al. 2001), including fires ignited by lightning or 
Native Americans, and grazing by American bison (Bison bison). These two processes 
functioned as a single disturbance referred to as the fire-grazing interaction (Fuhlendorf and 
Engle 2001).  As fires burned discrete patches of grassland, bison grazing would shift to the 
nutrient-rich regrowth of recently burned areas (Duvall and Whitaker 1964), releasing unburned 
areas from grazing. Following this release, unburned patches would recover from previous 
grazing, accumulating litter and allowing vegetation regrowth, while a grazing lawn was 
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maintained in burned areas (Vermeire et al 2004). Unburned and un-grazed areas, having 
acquired sufficient fuel load, would easily burn when fire next occurred in the landscape. 
Grazing would then switch to these newly burned patches, leading to a shifting mosaic of 
vegetation structure across the landscape (Fuhlendorf and Engle 2001, Fuhlendorf et al. 2009). 
 This disturbance regime created heterogeneous habitat structure across the landscape, and 
grassland birds evolved to fit the various niches that were created (Knopf 1996). Thus, species 
like the grasshopper sparrow (Ammodramus savannarum) prefer the sparse clumps of short 
vegetation typical of recently disturbed areas, while Henslow’s sparrows (Ammodramus 
henslowii) select undisturbed areas with dense vegetation and deep litter (Fuhlendorf et al. 2009). 
The greater prairie-chicken (Tympanuchus cupido) requires a mix of vegetation structures, 
utilizing shorter vegetation for mating displays while nesting in tall, dense vegetation (Svedarsky 
et al. 2003).   
 The grassland bird community also relies on heterogeneity in nesting substrates. 
Grassland obligate species (Vickery et al. 1999) often place nests directly on the ground in forbs, 
grasses or litter. Grasshopper sparrows and eastern meadowlarks (Sturnella magna) build dome-
shaped nests constructed of live and dead grasses (Vickery 1996, Jaster et al. 2002),  while 
vesper sparrows (Pooecetes gramineus; Jones and Cornely 2002) and bobolinks (Dolichonyx 
oryzivorus; Martin and Gavin 1995) construct open-cup nests. Some obligate grassland species 
place their nests just above the ground (e.g. Henslow’s sparrow; Herkert et al. 2002), while 
others including Dickcissels (Spiza americana; Temple 2002) build nests up to 0.5-m above 
ground in forbs or small shrubs. Facultative species such as the eastern kingbird (Tyrannus 
tyrannus; Murphy 1996) and loggerhead shrike (Lanius ludovicianus; Yosef 1996) often nest in 
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larger shrubs.  The diversity of nesting preferences among these grassland species underscores 
the need for heterogeneity in managed grasslands.  
 
Grassland Bird Habitat Selection and Survival 
Studies of the responses of breeding grassland birds to habitat management generally focus on 
habitat selection (e.g. Patterson and Best 1996, Powell 2006 Rahmig et al. 2009), or the impact 
of management on nest survival (e.g. Best et al. 1997, Shochat 2005, Hill and Diefenbach 2013).  
Habitat selection by adults is often assessed using point count or line-transect sampling (Bibby et 
al. 2000). At fine scales, these decisions appear to be influenced by factors including cover of 
plant functional groups and litter, and the density and height of vegetation (Fisher and Davis 
2010). Specifically, it is often assumed that native warm-season grasses should attract greater 
abundances of birds than non-native cool-season grasses. Whereas some studies suggest that 
warm-season grasslands do indeed attract higher numbers and a greater diversity of birds 
(Washburn et al. 2000, Giuliano and Daves 2002), others indicate that if overall structure of 
warm and cool-season grasses are similar, birds will use these two vegetation types equally 
(Henningsen and Best 2005, Jaster et al. 2013). At the landscape scale, land cover and landscape 
configuration appear to influence habitat selection of grassland birds (Coppedge et al. 2001, 
Winter et al. 2006, Davis et al. 2013). Because many species of grassland birds avoid small 
grassland patches (Ribic et al. 2009), they often avoid sites surrounded by cropland or forested 
habitat (Coppedge et al. 2001, Cunningham and Johnson 2006, Irvin et al. 2013).  
 At finer scales, nest-site selection is an important facet of habitat selection during the 
breeding season, as it can influence both nest success and adult survival (Lima 2009). A number 
of studies have examined characteristics of grassland bird nest-sites throughout the United States 
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(e.g. Dieni and Jones 2003, Davis 2005, Harrison et al. 2011). Generally, researchers examine 
the influence of different types of ground cover, as well as vegetation density, litter depth and 
vegetation height on nest-site selection (Fisher and Davis 2010). These nest-site features may be 
selected to minimize predation (e.g. Dion et al. 2000, Klug et al. 2010) or improve nest 
microclimate (e.g. Frey and Jensen 2008, Long and Jensen 2009). Because of the diverse nest 
structures among grassland bird species, selection of microhabitat may also be constrained by 
appropriate nesting substrates. For example, larger species like eastern meadowlarks likely have 
a minimum threshold for litter cover, below which they cannot adequately construct and conceal 
their large dome nests (Warren and Anderson 2005), while dickcissels cannot settle in vegetation 
that is too short or sparse to support nest building (Temple 2002).  
 While identifying preferred nest-site features may help with efforts to encourage breeding 
bird settlement, linking nest-site selection to nesting success is crucial for maintaining grassland 
bird populations. Nesting habits should be under selective pressure, with processes of nest-site 
selection conferring some protection against predators and weather (Clark and Shutler 1999). As 
such, microhabitats selected for nesting should lead to increased nest survival. Some studies have 
shown that the orientation of ground and shrub nests with respect to solar radiation, wind 
direction, topography and vegetation influences nest microclimate, affecting incubation 
temperatures and potentially increasing nestling survival (With and Webb 1993, With et al. 2008, 
Long et al. 2009). If habitat traits help thermo-regulate nests, a female can spend less time 
brooding and more time foraging to feed both herself and her nestlings.   
 While climate is important for nest success, the leading cause of nest failure is generally 
considered to be predation (Ribic et al. 2012). Thus, individuals should select nest sites that 
minimize predation risk. Dense vegetation is one habitat factor that has been linked to higher 
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nest success, as it can conceal nests from potential predators (Kerns et al. 2010; Ribic et al. 
2012). Conversely, selection of certain vegetation types has been shown to increase nest 
mortality caused by certain predator guilds: for example, birds nesting near shrubs may 
experience higher predation by snakes (Klug et al. 2010), while increased forest cover can lead 
to increased predation by rodents (Cox et al. 2012). 
 Certain nest traits have also been linked with increased parasitism by brown-headed 
cowbirds (Molothrus ater). This nest-parasite can have a huge influence on nest survival, either 
directly (via removal of eggs or predation of nests; Hoover and Robinson 2007) or indirectly (by 
augmenting aural or olfactory cues due to increased number of nestlings in a nest; Dearborn 
1999).  Increased parasitism by cowbirds has been linked with proximity to woody perches, and 
the amount of woody cover in the landscape (Fondell and Ball 2004; Hovick et al. 2013).  
 Though individuals should select nest sites to minimize predation and increase nest 
success, these two processes are sometimes disconnected, leading to the selection of breeding 
habitat that actually increases the risk of parasitism or predation (i.e. ecological traps; Battin 
2004).  Many mechanisms have been proposed to explain this mismatch between habitat 
selection and nest success, including evolutionary constraints (“adaptive peak hypothesis”; Latif 
et al. 2012), competition for preferred sites, and imperfect information concerning predation 
pressure (Chalfoun and Schmidt 2012). Other studies have shown that predation may be likely to 
occur regardless of nest placement when predator communities are diverse (Dion et al. 2000; 
Davis 2005; Renfrew et al. 2005). 
 The peer-reviewed literature makes it clear that processes of habitat selection and 
survival in grasslands are complex. Additional effects of management may further complicate 
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the process. However, we must assess how different management techniques can influence 
selection and success in order to conserve and manage these imperiled species. 
 
Grassland Management and Patch-Burn Grazing 
Various management techniques have been employed to create and improve habitat for grassland 
birds in the Midwestern United States.  The restoration of grassland by seeding of native grasses 
and forbs on public and private lands, the creation of Conservation Reserve Program fields 
(CRP; Best et al. 1997), and the creation of grassland buffers around agricultural fields 
(Conservation Practice-33; Burger et al. 2013), have been useful in creating habitat for some 
avian species. Shrub and woody vegetation removal from grasslands has also been employed 
(Frost and Powell 2011, Hill and Diefenbach 2013), as many grassland birds avoid woody cover 
and experience lower nest survival in these substrates (Graves et al. 2010).  
 There are also many techniques which attempt to replicate historic disturbance. Both 
mowing (Van Dyke et al. 2004) and haying (Rahmig et al. 2009) have been employed to reduce 
vegetation height in grasslands. However, the timing of both these disturbances is crucial, as they 
can lead to destruction of nests if applied during the peak of the breeding season (Frawley and 
Best 1991). Other techniques which more closely mimic historic disturbance regimes include 
burning (Collins 2000; Van Dyke et al. 2004; Grant et al. 2010) or grazing either by reintroduced 
bison (Collins and Steinauer 1998) or cattle (Milchunas et al. 1998; Derner et al. 2009; Davidson 
et al. 2010). Application of periodic fire together with ungulate grazing is also reasonably 
common in many areas (Parr and Andersen 2006; Powell 2006; Powell 2008). However, 
rangeland management as described above typically consists of uniform application of fire or 
grazing which homogenizes the landscape (Fuhlendorf and Engle 2001). This management runs 
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counter to the goals of habitat management for grassland bird communities (Fuhlendorf et al. 
2009), which should aim to increase structural heterogeneity to provide habitat for a range of 
species, not minimize it.  
 One management technique that can be used to increase heterogeneity in grasslands is 
patch-burn grazing. Patch-burn grazing imitates natural grassland disturbance processes through 
the application of fire and grazing. This technique goes beyond other disturbance-based 
management strategies by allowing these processes to work together, utilizing the fire-grazing 
interaction (Fuhlendorf and Engle 2001). In addition to its utility in creating grassland bird 
habitat, this technique is well-suited for use on public or private lands (Miller et al. 2012), and is 
likely suitable for implementation in many remaining grasslands.  
 In the past 15 years this technique has been implemented in studies throughout the 
Midwest to examine its utility for managing grassland bird habitat and increasing species 
diversity. Overall, results have been favorable. On the Tallgrass Prairie Preserve in Oklahoma, 
pastures managed with patch-burn grazing were found to have greater levels of structural 
heterogeneity than traditional pastures, and grassland bird diversity was greater in patch 
treatments than in the control pastures (Coppedge et al. 2008). Species abundances differed 
between treatments and Henslow’s sparrows were only observed on patch-burned sites 
(Fuhlendorf et al. 2006). Dickcissels in the area experienced greater nest success on patch-
burned sites, though other species showed no response (Churchwell 2005, Churchwell et al. 
2008). This response may have been linked with improved survival in unburned patches, as 
control pastures in this study were burned every year, while patch-burned areas had only one-
third burned each year.  
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 More recent patch-burn grazing studies in other parts of the Midwest have also had 
promising results. A project in southern Missouri found that eastern meadowlarks and 
grasshopper sparrows were most abundant on patch-burn grazed sites, and that species richness 
was greater on these sites compared to sites managed homogenously (Stroppel et al. 2009).  In 
Nebraska, Biordowski (2013) found that the creation of soft edges by burning discrete grassland 
patches for patch-burn grazing did not elicit edge sensitivity in grasshopper sparrows or 
dickcissels, as neither territories nor nests were placed farther from patch-edges than expected by 
chance.   
Though these studies are spread across the Midwest, they all have one thing in common: 
all occur either on large patches of grassland, or small grasslands within a predominantly grassy 
landscape. Across much of the Midwest, such grasslands are rare, while small, fragmented 
grasslands surrounded by row crop agriculture or woodland are more common (Samson and 
Knopf 1994). Without examining the effects patch-burn grazing on small grassland patches, it is 
unclear how applicable this technique would be for grassland bird management within most of 
the tallgrass prairie ecoregion.  
 
Patch-Burning in the Grand River Grasslands 
To test the efficacy of patch-burning in a fragmented landscape, a research project was initiated 
in 2006 in the Grand River Grasslands, a region of northern Missouri and southern Iowa 
containing small, fragmented grassland patches located within a matrix dominated by woodlands 
and row crop agriculture. This region provides an excellent opportunity to examine the utility of 
patch-burn grazing as a management tool on small fragments, as opposed to the more contiguous 
grasslands in which the majority of research on patch-burning has taken place. In 2007, twelve 
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study sites were enrolled in one of three treatments: (N = 4 in each treatment): 1) burning of one 
distinct patch per year with free access by cattle (“patch-burn-graze”), 2) one pasture-wide burn 
every three years and free access by cattle (“graze-and-burn”), and 3) one pasture-wide burn 
every three years excluding cattle grazing (“burn-only”). Researchers surveyed vegetation, 
insects and birds to assess taxa-specific responses to management.  
 Responses to management in the first three years of the study (2007-2009) were mixed. 
The main assumption of patch-burning is that it will increase pasture heterogeneity, yet this was 
not observed (McGranahan et al. 2012). Neither the variance in vegetation structure, nor 
variation in plant functional groups differed between patch-burned sites and sites managed 
homogenously (graze-and-burn and burn only sites), indicating that patch-burned sites were not 
more heterogeneous than other treatments (McGranahan et al. 2012). Thus, it is not surprising 
that the insect community showed weak responses to management. Butterflies, ants, and leaf 
beetles responded more strongly to land-use legacies than treatment, with ant diversity 
responding negatively to intensity of pre-treatment grazing and leaf beetle diversity showing a 
negative relationship with pre-treatment burn history (Debinski et al. 2011). Only one generalist 
species of butterfly was most abundant in patch-burned pastures, while two prairie specialist 
species were most common on un-grazed sites (Moranz et al. 2012). 
 Avian community responses to management appeared slightly more pronounced than 
those of other taxa, but were still weak overall. Community structure was significantly different 
among treatments. Most of this variation was attributable to differences between the grazed and 
un-grazed treatments (Pillsbury et al. 2011). However, grassland bird diversity was not greatest 
on patch-burned sites, indicating that this treatment was not providing the variation in habitat 
structure needed to attract a variety of grassland species. Data collected on the nesting success 
10 
 
and post-fledging survival of the grassland obligate grasshopper sparrow indicated that survival 
in heterogeneous pastures was slightly greater. However, habitat and temporal variables had far 
more support (Hovick et al. 2012), and treatment had no effect on fledgling survival (Hovick et 
al. 2011). The effects of management on survival of other species, or processes of nest-site 
selection, remain unknown. 
 Lack of strong responses to treatments led researchers to investigate the factors that 
might have interfered with the fire-grazing interaction. It was proposed that stocking rates of 
cattle may have been too high initially, leading to homogenization of patch-burned pastures via 
uniform over-grazing (Pillsbury et al. 2011). Therefore, stocking rates were decreased on study 
sites in 2010, and adjusted yearly on a site-specific basis thereafter. These adjustments were 
based on the proportion of remaining forage at the end of the grazing season. Anecdotal 
observations from 2010-2013, and especially 2012-2013, indicated increased patch-contrast in 
the years following this change. 
 The following chapters represent analyses of the responses of grassland birds to patch-
burn grazing, as well as the influences of other habitat and landscape factors on avian habitat 
selection and reproductive success. Chapter 2 is a follow-up to previous avian work in the Grand 
River Grasslands (Pillsbury et al. 2011), and examines the responses of the grassland bird 
community to patch-burning following adjustments to stocking rates, incorporating the effects of 
habitat and landscape on these species. Chapter 3 examines nest-site selection of eastern 
meadowlarks, dickcissels, and grasshopper sparrows in the context of patch-burn grazing 
management, and links the process of nest-site selection to patterns of nest success. Together, 
these chapters provide support for patch-burn grazing as a relevant management tool in 
fragmented landscapes. 
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CHAPTER 2 
ADAPTING THE FIRE-GRAZING INTERACTION TO FRAGMENTED LANDSCAPES 
FOR GRASSLAND BIRD CONSERVATION 
 
Courtney Duchardt, James R. Miller, Diane M. Debinski, and David M. Engle 
 
ABSTRACT 
Patch-burn grazing uses historic grassland disturbance as a model to create heterogeneous 
grassland structure, providing for the diverse habitat requirements of grassland birds. Though 
this management technique has been used successfully in relatively unfragmented grasslands, its 
utility on smaller grassland patches is less clear. We used a long-term dataset from a patch-
burning project in the Grand River Grasslands of southern Iowa and northern Missouri to 
examine how factors such as grazing pressure may interfere with the fire-grazing interaction on 
small grassland patches, and how this might influence grassland birds. Results from the first 
phase of the project (2007-2009) indicated a lack of heterogeneity in treated pastures, and only 
weak responses in the bird community. From 2010-2013, cattle stocking rates were lowered in 
hopes of increasing heterogeneity. Structural heterogeneity on experimental sites increased after 
stocking rates were decreased, although it did not reach levels observed in other studies. 
Diversity of obligate grassland birds also increased on patch-burned sites, and was greater than 
on sites managed homogenously. On small grassland patches, stocking rates may play a larger 
role in appropriately applying of the fire-grazing interaction than previously thought. 
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INTRODUCTION 
North American grasslands were historically maintained by frequent and intense disturbances 
(Brawn et al. 2001), primarily through the interaction of fire and grazing by large herbivores. 
This fire-grazing interaction occurred when patchy fires led to focal grazing on nutrient-rich 
regrowth in recently burned areas, with a concurrent release of unburned areas from grazing 
(Fuhlendorf and Engle 2001, Anderson 2006). Over time, heavily grazed areas were abandoned 
for newly burned patches, resulting in a shifting mosaic of heterogeneous vegetation structure 
across the landscape (Fuhlendorf and Engle 2004). Grassland birds adapted to the niches present 
in this heterogeneous mosaic (Knopf 1996). Considering plummeting populations of grassland 
birds (Sauer et al. 2011), and the small proportion of remaining habitat in the Midwest (Samson 
and Knopf 1994), appropriate management that considers the importance of these historic 
disturbances for grassland birds is crucial. 
 Patch-burn graze management uses historic disturbance as a model (Fuhlendorf et al. 
2009), improving upon more conventional management techniques which often rely on uniform 
application of fire or grazing (Collins 2000, Powell 2008, Derner et al. 2009). In this method, 
discrete patches are burned and cattle are allowed to graze freely among burned and unburned 
areas, mimicking historic bison grazing. Patch-burn grazing has been an effective tool for 
increasing structural heterogeneity within study sites, and consequently increasing avian 
biodiversity, in the expansive tallgrass prairies of Oklahoma (Fuhlendorf et al. 2006, Coppedge 
et al. 2008). However, such large expanses of grassland habitat are the exception throughout 
much the United States (Samson and Knopf 1994) while small, fragmented patches, often with 
agricultural legacies, are more prevalent.  
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 Bird communities may respond differently to patch-burn grazing in these fragmented 
grasslands. Small, isolated habitat patches often exhibit lower bird densities (Winter et al. 2006, 
Ribic et al. 2009), lower species richness (Herkert 1994), and decreased nest success (Herkert et 
al. 2003, Renfrew and Ribic 2003). In addition, habitat loss and fragmentation increase the 
proportion of edge habitat, reducing the habitat available for edge-avoiding species (Bollinger 
and Gavin 2004, Renfrew et al. 2005) and increasing the abundance of edge-exploiting predators 
(Ries et al. 2004, Renfrew et al. 2005).  
 Patch size and fragmentation may also directly interfere with the fire-grazing interaction. 
If invasion by exotic plants is facilitated by fragmentation (Cilliers et al. 2008), fire suppressing 
species such as tall fescue (Festuca arundinacea) could more easily invade managed areas 
(McGranahan et al. 2012). This could lead to patchy, incomplete burns, making burned patches 
less attractive to grazing cattle. Small grassland patches that are patch-burned may also be unable 
to support target levels of cattle grazing, leading to overgrazing across the pasture and 
subsequent homogenization of vegetation structure. In either case, if fire and grazing are not 
functioning as a single unit of disturbance, the desired level of heterogeneity might not be 
achieved on small grassland patches.  
 We utilized a dataset from an ongoing project in the Grand River Grasslands (GRG) of 
southern Iowa and northern Missouri to examine the effects of patch-burn grazing in a 
fragmented system. Data from the phase one of the project (2007-2009) indicated that avian 
diversity was relatively low on patch-burned pastures and that overall responses of the avian 
community to treatment were weak (Pillsbury et al. 2011). In addition to these unexpected 
results, heterogeneity on patch-burned sites was also low. While multiple factors may have 
impaired the fire-grazing interaction on these sites, we believed that over-stocking of cattle had 
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homogenized vegetation structure across patch-burned pastures. Though stocking rates were 
constrained by grazing contracts in phase one, stocking rates were lowered at the beginning of 
phase two (2010) with the goal of increasing pasture heterogeneity.   
 To determine how management, and especially changes to stocking rate, influenced the 
avian community, we examined data collected from 2010-2013 to answer the following 
questions: 1) have alterations in stocking rates increased the heterogeneity of vegetation structure 
on patch-burned pastures?  2) how is the avian community responding to management, and how 
do these responses compare with those observed earlier in the project? 3) how are these 
responses mediated by habitat and landscape features? Assuming that adjusted stocking rates 
increased heterogeneity as anticipated, we expected avian responses in this phase of the project 
to be more pronounced than in phase one. Specifically, we expected greater grassland bird 
diversity in patch-burned pastures as compared to sites not managed with the fire-grazing 
interaction, and for diversity to be greater during the second phase of the project.  
 
METHODS 
Study design 
This study was initiated in 2006 on both public and private lands in the Grand River Grasslands 
located in southern Iowa and northern Missouri (Fig. 2.1). The grasslands in this region, 
composed mainly pastures, hayfields, and some native prairies, account for 58% of land cover, 
the rest consisting mainly of woodlands (22%) and row crops (18%; Lyons 2013). We selected 
twelve remnant and restored grassland sites ranging from 15-32 ha, and divided each into three 
patches of approximately equal area. Sites were managed with one of three treatments (n = 4 per 
treatment): 1) one distinct section (“patch”) burned per year with free access by cattle (patch-
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burn-graze), 2) one pasture-wide burn every three years and free access by cattle (graze-and-
burn), and 3) one pasture-wide burn every three years and no grazing (burn-only)  On patch-
burned pastures, one patch was burned per year, while all other study pastures were burned in 
their entirety in 2009 and 2012 to prevent woody encroachment. Graze-and-burn and burn-only 
sites represented management for homogeneity: the former represented how grazing functioned 
without the fire-grazing interaction, while the latter served as a control. Fire was applied to these 
treatments at a three-year return interval to minimize woody encroachment. Grazed pastures 
were fenced along their perimeters.  
 Dominant native vegetation on these sites included little bluestem (Schizachyrium 
scoparium), rough dropseed (Sporobolus clandestinus), Canada goldenrod (Solidago altissima), 
and sedges (Carex spp.; Scasta 2014). The Eurasian invasive grass tall fescue was also abundant 
on study sites, as was smooth brome (Bromus inermis) and bird’s-foot trefoil (Lotus 
corniculatus), an exotic legume. In 2007 stocking rates on grazed pastures were initially set at 
what was considered to be a moderate level, 3.12 animal unit months (AUM)/ha from May 
through October. Stocking rates were reduced to an average of 2.07 AUM/ha in 2010 to increase 
heterogeneity on patch-burned pastures (Pillsbury et al. 2011). After 2010, rates were adjusted on 
a site-specific basis (range 1.10-3.97 AUM/ha) based on plant biomass remaining at the end of 
the previous grazing season. 
 
Avian Surveys 
To survey the avian community, we established one to three line transects in each patch (3-9 
transects per pasture). Each transect was 100-300 m in length, depending on pasture size, and 
was placed to maximize the amount of grassland habitat surveyed in each pasture. Line transects 
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are generally preferred to point counts in open areas, because of greater sampling efficiency 
(Bibby et al. 2000). Distance between transects was at least 150 m to avoid double-counting 
individuals and each transect was at least 50 m from pasture edges to avoid counting birds 
outside the study area. Universal Transverse Mercator (UTM) coordinates were recorded for start 
and end points of each transect subsection, and GPS units were used to relocate these points on 
subsequent surveys.  
 We surveyed each pasture every two weeks during each field season (15th May-30th July) 
from 2010-2013, rotating observers to minimize potential bias. Within 50-m of each transect, the 
observer recorded all birds seen and/or heard, noting the species, group size and sex when 
possible. Surveys were conducted between 0600 and 1000 h on days with low wind and no rain, 
and observers were trained and tested on field identification prior to the initiation of surveys.  
 
Vegetation surveys 
To quantify habitat structure in experimental pastures, vegetation composition was measured in 
July of each year using 90 0.5-m2 quadrats in each pasture (30 quadrats per patch). Quadrats 
were placed parallel to bird transects at a distance of 25 m on either side. Within each quadrat, 
we measured litter depth and estimated percent cover for warm-season grasses, cool-season 
grasses, forbs, legumes, litter cover, bare ground, and woody species. Percent cover was 
recorded as the midpoint of the following categories: 0, 1-5, 5-25, 25-50, 50-75, 75-95, 95-100 
(Daubenmire 1959). Because tall fescue has the potential to negatively influence the avian 
community (Barnes et al. 1995, Hovick et al. 2011; Lyons 2013) and interfere with the fire-
grazing interaction (McGranahan et al. 2012), percent cover of this invasive cool-season grass 
was recorded separately. Visual obstruction, a metric incorporating both vegetation height and 
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density, was measured using a Robel pole placed at the center of each quadrat (Robel et al. 
1970). From a distance of 4 m, in each cardinal direction we recorded the highest point (marked 
in 10-dm intervals) at which the pole was obscured 50% or more. 
 
Quantifying landscape variables   
We quantified landscape composition in the Grand River Grasslands because it is widely 
accepted that habitat selection is hierarchical, and that land cover at the landscape scale is 
important to avian habitat selection (Cody 1985, Cunningham and Johnson 2006, Davis et al. 
2013). Land-cover types were identified and digitized in ArcGIS using 2011 digital orthophotos 
obtained for Harrison County, MO and Ringgold County, IA (U.S. Dept. of Agriculture 2011), 
and were classified into the following categories: 1) tree, 2) grassland, 3) row crop, 4) water 
feature, and 5) impervious surface. Land cover was digitized within a 1-km buffer of teach study 
site to discern patterns of landscape influence on grassland species. Specifically, we were 
interested in responses at two landscape scales: 300-m and 1000-m. We examined landscape 
effects within these two buffers because species may respond differently to land cover at 
different scales (Cunningham and Johnson 2006), and previous analyses of these data indicated 
that no additional variation in our land cover variables was captured beyond 1000 m (Pillsbury et 
al. 2011).  Because different types of habitat edges are known to influence the distribution of 
breeding grassland birds, either due to heightened predator abundance along these edges 
(Renfrew and Ribic 2003) or avoidance of adjacent non-grassland land cover by grassland birds 
(Winter et al. 2006), we  measured the density of different edge types using the VLATE 
extension in ArcGIS. 
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Data analyses 
To quantify structural variability among patches within a pasture, we calculated “patch contrast” 
as a metric of habitat heterogeneity. Patch contrast was calculated as the standard deviation of 
visual obstruction of patches within a pasture (standard deviation of the three patch-level values 
of visual obstruction per pasture). Because patches within a pasture should be structurally 
different when utilizing the fire-grazing interaction, we expected this metric to be greatest in 
patch-burned pastures. Conversely, graze-and-burn and burn-only pastures were expected to 
yield similarly low values. It is important to note that this metric differs slightly from the 
measure of patch-contrast used in Pillsbury et al.’s (2011) study: while both measure the 
variability of visual obstruction on a pasture, we believe our metric better keys in on the 
variability among patches. We also added an additional measure of heterogeneity, the standard 
deviation of litter cover. Litter cover, like visual obstruction, responds to disturbance frequency, 
and can also influence avian habitat selection.  
 Observed density of grassland birds, defined as the maximum number of individuals 
observed on a pasture during the breeding season, divided by the area sampled (ha), was used to 
compare single species responses to study treatments (Pillsbury et al. 2011). Species richness (S) 
and Shannon diversity (H’) of the entire grassland community and grassland obligate species 
(Vickery et al. 1999) were quantified for each pasture. We used a mixed model (Proc MIXED, 
SAS 9.2) to compare both species diversity measures among treatments, treating year and 
treatment as fixed effects and site as a repeated measure.  
 All analyses of community structure were performed in Program R using the vegan 
function (Oksanen et al. 2011). We compared the avian community in each treatment using 
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permutational multivariate analysis of variance (PerMANOVA; Anderson 2001). PerMANOVA 
is a non-parametric analogue to MANOVA in which variance is partitioned to generate a test 
statistic (comparable to the traditional F-statistic in ANOVA) and permutational methods are 
used to generate p-values. PerMANOVA has added benefits over similar non-parametric 
methods (e.g. Analysis of similarity [ANOSIM]; Clarke 1993) including the ability to 
incorporate a multi-factor design. We tested the effects of both treatment and year on community 
structure using the Adonis function in R (Oksanen et al. 2011). 
 Nonmetric multidimensional scaling (NMDS; Kruskal 1964) was used to graph and 
interpret avian community structure on the basis of treatment. NMDS is an unconstrained 
ordination technique that is robust to non-normal data. The ordination plot represents study sites 
arranged in space based on rank-order dissimilarity of sets of multivariate data (here, community 
composition at each site); therefore two study sites with similar ecological communities will be 
located near one another in ordination space. An iterative procedure, NMDS uses an algorithm to 
maximize rank-order correlation between distance in ordination space and dissimilarity between 
sites. Unlike other ordination techniques (e.g. principal components analysis), axis order does not 
represent the amount of variability explained, so ordinations can be rotated and inverted to better 
interpret data. Because of the nature of these axes, data from all years were used to generate one 
ordination, as separate ordinations by year would not be directly comparable. Goodness-of-fit is 
determined by the stress of the ordination, which is inversely proportional to the rank-order 
correlation. We used Bray-Curtis distance to measure ecological dissimilarity because it is less 
sensitive to infrequently observed species and most sensitive to those that are abundant (Field et 
al. 1982).  
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 We used the vector fitting procedure in R (Oksanen et al. 2011) to determine the 
correlation between local and landscape-scale variables and NMDS ordination axes. Vectors 
generated from this method represent the direction of most rapid change of that variable overlaid 
on the ordination, with vector length corresponding to the correlation between the variable and 
the ordination. Vectors generated from this method can be used to identify trends in vegetation 
among differing community structures in our study pastures. We selected vectors with 
correlation coefficients of r > 0.15 for further examination, as correlations less than this were 
generally non-significant (P > 0.05).  
 
RESULTS 
Habitat heterogeneity 
Patch contrast, measured as the standard deviation of visual obstruction among patches, was 
generally greatest in patch-burned pastures but error bars overlapped among treatments (Fig. 
2.2). Between phase one (2007-2009) and phase two (2010-2013), contrast increased slightly, 
with highest contrast observed in 2012 and 2013. Contrast spiked in 2012 in the other two 
treatments, possibly due to variable vegetation responses within pastures to drought in this year. 
Our second metric of heterogeneity, the deviation of litter coverage, also increased in patch-
burned pastures in phase two, but showed more drastic divergence among treatments (Fig. 2.3). 
Variability of litter coverage among pastures was consistently greatest in pastures managed for 
heterogeneity, and was greatest in the final three years of the project.  
 
Avian community 
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Within the four years of this study, we recorded 8,081 birds of 60 species, including 19 grassland 
species: 8 obligate and 11 facultative (Table 2.1). Among the most commonly observed species 
were dickcissels (Spiza americana; 19.0% of all observations), grasshopper sparrows 
(Ammodramus savannarum; 13.3%), bobolinks (Dolichonyx oryzivorus; 10.9%) and red-winged 
blackbirds (Agelaius phoeniceus; 10.6%). Three obligate species were most common on patch-
burned pastures (grasshopper sparrow, bobolink, eastern meadowlark), whereas only grasshopper 
sparrows were most abundant on patch-burned pastures during the first phase of the project 
(Pillsbury et al. 2011). On a patch-level, five of the six most common obligate grassland species 
reached their highest densities on patches within patch-burned pastures, whereas sedge wrens 
(Cistothorus platensis) were most common in burn-only pastures (Fig 2.4).   
 Species richness did not differ among treatments (F2,42 = 1.81, P = 0.2180) or years (F3,42 
= 0.29, P = 0.8336), nor did we detect differences in overall species diversity among treatments 
(F2,42 = 1.43, P = 0.2899) or years (F3,42 = 0.41, P = 0.745). The richness of obligate grassland 
species richness showed only weak differences among treatments (F2,42 = 2.53, P = 0.092), and 
no difference among years (F3,42 = 1.51 P = 0.227). However, Shannon diversity of grassland 
obligate species differed significantly among treatments (F2,42 = 7.18, P = 0.002), with moderate 
differences among years (F3,42 = 2.83, P = 0.050). On average, obligate diversity was greatest 
among patch-burned pastures, and lowest within the burn-only treatment. This differs drastically 
from phase one, where no differences in diversity were found among treatments (Fig. 2.5). 
 Community structure differed among treatments (F2,36 = 4.890, P = 0.001) and years 
(F3,36 = 2.699, P = 0.001), but their interaction was not significant (F6,36 = 0.73, P = 0.883). 
Although pair-wise tests were not available in R, we used PCOrd (McCune and Mefford 2011) to 
test differences between individual treatments. Uncorrected pair-wise tests indicated the 
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strongest differences between burn-only pastures and graze-and-burn (t = 2.354, P = 0.001) and 
patch-burn graze (t = 2.782, P = 0.001) pastures, but also indicated substantial differences 
between the two grazing treatments (t = 1.536, P = 0.039).  
 NMDS achieved a 3-dimensional solution with a stress of 15.36%, which is considered a 
fair fit to the data (Kruskal 1964). The three axes had r2 values of 0.306, 0.306, and 0.244, so to 
ease interpretation of figures, the two axes with the highest r2 values are presented (Fig. 2.6). 
Figures including the third axis can be found in the Appendix. We fit convex hulls to each 
treatment-year combination, and displayed these results by year (Fig. 2.6). The bird community 
differed widely between individual pastures within the burn-only treatment, illustrated by the 
large area between ordination points.  Conversely, communities on pastures within the patch-
burned treatment were close to one another in ordination space.  
 
Habitat and Landscape Relationships 
Fourteen habitat and landscape variables met the correlation criteria (r > 0.15) to be included in 
the vector set (Fig. 2.7). The habitat variable most highly correlated with community structure 
was visual obstruction (r = 0.383 P < 0.001). Percent cover of warm-season grasses (r = 0.210 P 
= 0.005), forbs (r = 0.210 P = 0.004), legumes (r = 0.229 P = 0.004) and woody vegetation (r = 
0.183 P = 0.01) were also moderately correlated with the arrangement of sites in ordination 
space. Patch contrast (r = 0.180 P = 0.01) and the invasive grass tall fescue (r = 0.171 P = 0.013) 
were also related to community structure. 
 Multiple landscape variables met the threshold for inclusion in the vector set. These 
included crop cover at the 300 m (r = 0.187 P = 0.009) and 1000-m scale (r = 0.254 P = 0.001), 
and the density of both tree (r = 0.270 P = 0.001) and grassland (r = 0.151 P = 0.024) edges at 
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the 300-m scale, and tree edges at the 1000-m scale (r = 0.433 P < 0.001). Tree cover at both 
300- and 1000-m scales had the highest correlation with community structure (r = 0.441 P < 
0.001, and r = 0.450 P < 0.001 respectively). 
DISCUSSION 
We observed increased pasture-level heterogeneity on patch-burned pastures following stocking 
rate adjustments. Though it has long been understood that intense cattle grazing can negatively 
influence numerous indicators of grassland quality (e.g. plant diversity; Briske et al. 2011), its 
relationship with the fire-grazing interaction is only recently beginning to be uncovered. Scasta 
et al. (2014) observed that among many factors that may potentially inhibit management efficacy 
in the Grand River Grasslands (e.g. burn completeness, tall fescue cover), stocking rate was by 
far the most important factor in maintaining patch contrast on patch-burned pastures. Both 
overstocking in 2007-2009 and understocking from 2010-2011 served to homogenize patch-
burned pastures in these years. Through adaptive management of stocking rates, we have begun 
to observe levels of patch-contrast on research pastures in recent years (2012-2013) that are more 
comparable to other patch-burn studies conducted on larger grasslands (McGranahan et al. 
2013).  
 Increases in patch contrast, facilitated by adjusted stocking rates, were associated with 
increased diversity of obligate grassland birds. Although we observed no differences in overall 
richness and diversity, the diversity of obligate grassland birds was consistently greater in patch-
burned pastures and this signal increased over time. In the final two years of the study, when 
moderate stocking rates were employed, obligate diversity on patch-burned pastures was at its 
peak. These results differ drastically from patterns observed early in the project, whereby 
diversity did not differ among treatments (Pillsbury et al. 2011). 
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 Examining single-species responses provides further insight into how heterogeneity is 
driving increases in diversity. Most species with preferences for dense vegetation, specifically 
Henslow’s sparrows (Ammodramus henslowii) and bobolinks, reached densities on the unburned 
patches in patch-burned pastures that were comparable to (or greater than) those on burn-only 
sites, indicating that cattle were indeed avoiding unburned patches. Meadowlarks and 
grasshopper sparrows were most abundant on patch-burned patches burned within the past two 
years, and less abundant on both graze-and-burn and burn-only pastures.  
 While analyses indicated significant differences in avian community structure among 
treatments, ordinations indicated a small amount of overlap between bird communities. Most 
notably, both grazed treatments tended to have more similar communities than pastures that were 
not grazed. This trend was consistent between the first and second phases of the project, as 
ordinations of the 2006-2009 data showed high differentiation of burn-only polygons and overlap 
of the grazed treatments (Pillsbury et al. 2011). This is likely because un-grazed pastures did not 
provide habitat for species preferring lower vegetation (e.g. grasshopper sparrows). Even in 
years when these pastures were burned, without grazing to impede regrowth, vegetation was too 
high by the start of breeding season to provide habitat for these species.  
  One distinguishing characteristic of patch-burned pastures was the high level of 
community stability between years, as depicted by the relatively static position of the “PBG” 
polygon in ordination space across time. Conversely, pastures in the other treatments were more 
variable in ordination space, indicating fluctuating communities between years. The consistent 
proportions of habitat types in patch-burn grazed pastures may buffer against temporal variability 
(Benton et al. 2003), providing a level of reliability in a landscape prone to changes including 
variable haying practices and conversion of grassland to row crop. If preferred habitat is 
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consistently available between years, birds may be more likely to return in subsequent breeding 
seasons. Though return rates for many species of grassland birds are low (Jones et al. 2007) and 
some species may be nomadic by nature (Dornak et al. 2013), a proportion of these populations 
does exhibit site fidelity (Jones et al. 2007, Ingold et al. 2010), and we have observed banded 
female grasshopper sparrows returning to our study sites in subsequent years (Lyons 2013). 
Considering the potential for social information and conspecific attraction to influence habitat 
selection (Ward and Schlossberg 2004, Ahlering et al. 2010, Ward et al. 2010), these returning 
individuals may serve to attract other birds to settle in managed areas, leading to cascading 
consequences for the bird community. 
 While we observed that management for heterogeneity can have numerous benefits for 
grassland birds in fragmented and variable landscapes, it is important to also consider how 
habitat features at the pasture scale can influence these bird species. Many of these habitat 
features, like visual obstruction, are regulated by disturbance and have been consistently linked 
to habitat selection in grassland birds (Fisher and Davis 2010). Thus, it is not surprising that 
visual obstruction had the highest correlation with avian community structure of any habitat 
variable examined in both phases of the project (Pillsbury et al. 2011). Avian community 
structure was also correlated with tall fescue in both phases of the project, indicating that this 
exotic species likely influences habitat selection. Fescue has a dense growth habit that decreases 
survival in northern bobwhite chicks (Colinus virginianus; Barnes et al. 1995) and has been 
linked to nest survival of grasshopper sparrows (Hovick et al. 2012). Though non-natives like tall 
fescue may have negative effects on grassland birds, native warm-season grasses have the 
potential to increase richness or abundance of grassland bird species compared with sites 
dominated by cool-season grasses (Giuliano and Daves 2002). Correlation of avian community 
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structure with warm-season grasses, forbs, and woody vegetation may also result from the 
nesting habitat preferences of certain species. Grassland birds nesting above the ground (e.g. 
dickcissel, red-winged blackbird) require a sturdy substrate for nest building, which these 
vegetation types can provide. 
 Though management which utilizes the fire-grazing interaction may alter habitats and 
encourage bird settlement, factors at broader scales also have the potential to influence bird 
communities and potentially mitigate avian response to management. In both phases of the 
project, we observed the importance of habitat edges to community structure (Pillsbury et al. 
2011). Although cropland cover in the landscape was not measured previously, we found that 
this too was associated with avian habitat selection. The importance of tree and crop cover in the 
landscape reinforces the fact that management at the habitat-scale may be counteracted by other 
broad-scale factors. In highly fragmented systems, small patches of adequate habitat may not be 
enough to attract individuals when those patches are surrounded by an inhospitable matrix 
(Winter et al. 2006).  
 This matrix may also mediate invasive propagules: a substantial proportion of tree cover 
in the landscape is composed of Eastern redcedar (Juniperus virginiana). This species, though 
native, has become invasive in this region following fire suppression (Briggs et al. 2005, Miller 
et al. 2012) and can quickly lead to a state-change between tallgrass prairie and shrubland. Even 
if pastureland borders study pastures, adjacent sites may be composed almost entirely of the 
invasive tall fescue. In addition to the negative effects of this species on birds, the fungal 
endophyte associated with this invasive grass also negatively impacts cattle body condition 
(Paterson et al. 1995). This grass decreases fire spread leading to patchy burns, impairing the 
fire-grazing interaction and further encouraging redcedar encroachment. Thus, on small 
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grassland patches, complex interactions at the landscape scale as well as constraints to stocking 
rates can limit the efficacy of patch-burn grazing.  
 
Conclusion 
Though an appealing concept, in practice re-establishing historic disturbance regimes is not 
always straightforward. We found that simply applying patchy fires and introducing cattle 
grazing were not enough to maintain structural heterogeneity. Though important in all grazed 
systems, on small grassland patches stocking rates play an especially large role in the fire-
grazing interaction. If stocking rates are too high or too low on these patches, desired levels of 
heterogeneity cannot be achieved. By adapting management over time, we were able to achieve 
desired outcomes, and observed increased diversity of grassland birds on pastures managed with 
the fire-grazing interaction 
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TABLES  
Table 2.1. Average observed density (ha) by treatment of obligate and facultative grassland birds 
between 2010-2013.  Standard errors are shown in parentheses.  
Species All 
Patch-Burn 
Graze Graze-and-Burn Burn-Only 
Obligate Grassland Species 
Dickcissel 1.087  (0.092) 1.048  (0.132) 0.941  (0.141) 1.271  (0.195) 
Grasshopper sparrow 0.865  (0.077) 1.21  (0.07) 1.004  (0.132) 0.379  (0.093) 
Bobolink 0.81  (0.076) 0.936  (0.102) 0.722  (0.15) 0.771  (0.142) 
Eastern meadowlark 0.587  (0.06) 0.909  (0.102) 0.661  (0.062) 0.189  (0.043) 
Henslow's sparrow 0.374  (0.059) 0.462  (0.102) 0.141  (0.048) 0.518  (0.122) 
Sedge wren 0.208  (0.048) 0.139  (0.054) 0.091  (0.036) 0.395  (0.117) 
Vesper sparrow 0.007  (0.004) -- 0.021  (0.012) -- 
Upland sandpiper 0.006  (0.004) 0.019  (0.011) -- -- 
Facultative Grassland Species 
Red-winged blackbird 0.751  (0.078) 0.625  (0.127) 0.775  (0.117) 0.854  (0.161) 
Brown-headed cowbird 0.525  (0.046) 0.547  (0.062) 0.546  (0.075) 0.482  (0.102) 
Eastern kingbird 0.335  (0.031) 0.309  (0.05) 0.367  (0.052) 0.329  (0.064) 
Common yellowthroat 0.319  (0.041) 0.176  (0.043) 0.256  (0.066) 0.525  (0.071) 
Mourning dove 0.086  (0.03) 0.044  (0.023) 0.073  (0.022) 0.141  (0.083) 
Northern bobwhite 0.041  (0.019) 0.038  (0.027) 0.073  (0.049) 0.01  (0.01) 
Eastern bluebird 0.035  (0.011) 0.028  (0.016) 0.045  (0.018) 0.031  (0.024) 
Loggerhead shrike 0.029  (0.011) -- 0.079  (0.028) 0.008  (0.008) 
Ring-necked pheasant 0.008  (0.005) -- -- 0.023  (0.013) 
Killdeer 0.006  (0.004) 0.013  (0.013) -- 0.005  (0.005) 
Lark sparrow 0.003  (0.003) -- -- 0.008  (0.008) 
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FIGURES 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.1. Twelve study sites within the Grand River Grasslands of southern Iowa and northern 
Missouri  
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Figure 2.2. Changes in patch-contrast (measured as standard deviation of visual obstruction) 
between 2007-2013 for three study treatments. Bars represent standard errors. 
 
 
Figure 2.3. Changes in litter-contrast between 2007-2013 for three study treatments. Bars 
represent standard errors. 
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Figure 2.4. Average patch density per hectare  (+ SE) of six obligate grassland species from 
2010-2013. Densities in patch-burned pastures are displayed by increasing time since fire (in 
months).Traditional management includes burn-only (BO) and graze-and-burn (GB). 
 
50 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.5. Diversity of obligate grassland species on pastures within three treatments between 
2007-2013. Bars represent standard errors. Asterisks indicate significant differences among 
treamtments at α = 0.05.  
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Figure 2.6. Community structure of management treatments within years. Treatment codes are as 
follows: BO (Burn-only; diamond), GB (Graze-and-burn; triangle), PBG (Patch-burn graze; 
circle). Years correspond with colors: 2010 (yellow), 2011 (orange), 2012 (black), 2013 (blue). 
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Figure 2.7. Habitat and landscape vector overlay of NMDS bird community ordination. Year and 
treatment coding can be found in figure 2.6. Habitat variables include visual obstruction 
(ROBEL), cover of warm-season grasses (WSG), fescue, legumes, forbs, woody plants, and 
patch-contrast. Landscape variables occur at two scales (300m and 1000m) and include tree 
cover(TREE), crop cover (CROP), tree edge (TED) and grass edge (GED). 
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CHAPTER 3 
NEST-SITE SELECTION AND NEST SUCCESS OF PRAIRIE OBLIGATE 
SONGBIRDS IN GRASSLANDS MANAGED WITH FIRE AND GRAZING 
 
Courtney Duchardt, James R. Miller, Diane M. Debinski, David M. Engle 
 
ABSTRACT 
Although nest-site selection can have far-reaching effects on avian survival, nest-site selection 
and nest success are not often considered together in the context of management for declining 
populations of grassland birds. We examined nest-site selection and its effects on nest success in 
grasshopper sparrows (Ammodramus savannarum), eastern meadowlarks (Sturnella magna) and 
dickcissels (Spiza americana), three obligate grassland species, on pastures managed with fire 
and grazing. Although we detected strong trends in nest-site selection, selected habitat features 
were generally not related to nest success. However, other habitat factors did influence nest 
success. Forb cover increased survival probability for grasshopper sparrow nests while distance 
to wooded edge influenced survival for both grasshopper sparrows and meadowlarks. Other 
factors including parasitism by brown-headed cowbirds (Molothrus ater), year, and nesting stage 
were also important. While management only directly influenced survival in one species 
(dickcissel), it may have also indirectly modified the availability of certain preferred nesting 
substrates (i.e. litter). These results suggest than in this system, nest-site selection may be more 
constrained by nest structural requirements than by nest success, and diverse predator 
communities may make nest-site selection an inefficient means of reducing predation risk.   
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INTRODUCTION 
Efforts to protect declining grassland bird populations must be driven by an understanding of the 
factors affecting habitat selection and breeding success (Clark and Shutler 1999, Fletcher et al. 
2006). Nest-site selection, an important facet of habitat selection during the breeding season, can 
have myriad effects on both nest success and adult survival (Lima 2009). Building nests with 
respect to local and landscape factors can improve nest microclimate (With and Webb 1993, 
With et al. 2008, Long et al. 2009), reduce predation risk (Kerns et al. 2010, Ribic et al. 2012), 
and minimize the risk of nest parasitism by brown-headed cowbirds (Molothrus ater; Fondell 
and Ball 2004, Hovick et al. 2013). Though individuals should select nest sites that increase nest 
success, these processes can be decoupled, leading to selection of breeding habitat that increases 
the risk of parasitism or predation (“ecological traps,” Battin 2004). Many mechanisms have 
been proposed to explain this mismatch, including evolutionary constraints on habitat selection 
(“adaptive peak hypothesis”; Latif et al. 2012), competition for preferred sites (Chalfoun and 
Schmidt 2012), imperfect information (Chalfoun and Schmidt 2012), and diverse predator 
communities that lead to “no-win” nest placement (Dion et al. 2000, Davis 2005, Renfrew et al. 
2005).  
 Though patterns of nest-site selection and nest success are rarely straightforward, by 
improving our understanding of these mechanisms we can better adjust management to both 
encourage settlement and increase breeding success of imperiled birds. Many studies have 
examined the effects of different types of management on the abundance or diversity of 
grassland birds (e.g. Best et al. 1997, Van Dyke et al. 2004, Powell 2006, Rahmig et al. 2009, 
Ribic et al. 2009). Fewer studies have considered how management impacts breeding success in 
these species (e.g. Rahmig et al. 2009, Fisher and Davis 2011, Harrison et al. 2011, Hovick et al. 
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2012). Fewer still have attempted to relate the process of nest-site selection and nesting success 
(Fisher and Davis 2011, Harrison et al. 2011). While studies of abundance and success alone are 
useful, research that links nest success with the selection of breeding habitat within managed 
landscapes is crucial. 
          We set out to investigate the process of nest-site selection in grassland birds and its effects 
on nest success in grasslands managed with patch-burn grazing. Patch-burn grazing is a 
management technique that mimics historic disturbance regimes using fire and cattle grazing to 
provide heterogeneous habitat for grassland birds. Though this technique has been shown to 
increase avian diversity compared with more homogenous applications of fire and grazing 
(Coppedge et al. 2008, Thesis Chapter 1), studies of nest success in this context are limited 
(Churchwell et al. 2008, Hovick et al. 2012), and have not utilized information on processes of 
nest-site selection. In light of this knowledge gap, we used data collected in the Grand River 
Grasslands of southern Iowa to address the following questions: 1) what are the most important 
habitat features determining nest-site selection in eastern meadowlarks (Sturnella magna), 
grasshopper sparrows (Ammodramus savannarum), and dickcissels (Spiza americana), three 
obligate grassland species 2) how do habitat features selected for nesting sites influence nest 
survival? 3) what other factors, including nest stage, parasitism, and management, may also 
influence survival?  
   
METHODS 
Study sites 
This study was conducted from 2012-2013 on eight research pastures within the Grand River 
Grasslands of southern Iowa. Sites ranged from 17-32 ha and were enrolled in one of two 
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experimental treatments (n = 4 per treatment): one-third pasture burn (one “patch”) each year 
with free access by cattle (patch-burn graze), or one pasture-wide burn every three years and free 
access by cattle (graze-and-burn). Graze-and-burn treatments were burned in 2012. Pastures 
enrolled in the graze-and-burn treatment represent more traditional management techniques that 
generally produce uniform vegetation structure, while patch-burning yields heterogeneous 
structure which provides habitat for a wider array of grassland bird species (Fuhlendorf et al. 
2009). Average stocking rate on study pastures was 2.49 animal unit months per hectare.  
 Dominant native vegetation varied by site but included little bluestem (Schizachyrium 
scoparium), rough dropseed (Sporobolus clandestinus), Canada goldenrod (Solidago altissima), 
and sedges (Carex spp.; Scasta 2014). Invasive tall fescue (Festuca arundinacea), a cool-season 
forage grass, was also abundant on research pastures (McGranahan 2012). The fungal endophyte 
associated with this grass negatively impacts grazing cattle (Patterson et al. 1995), and has also 
been implicated in reduced survival in some grassland birds (Barnes et al. 1995, Hovick et al. 
2011). Other common non-native species on study pastures include black medick (Medicago 
lupulina), bird’s-food trefoil (Lotus corniculatus), smooth brome (Bromus inermis), and 
Kentucky bluegrass (Poa pratensis). 
 
Nest data collection 
To determine patterns of nest-site selection and nest success in our focal species, we located and 
monitored nests in patch-burned and graze-and-burn pastures in 2012 and 2013. Nest searching 
occurred between 0600 and 1200 (CST) on days without high wind or rain, and each pasture was 
searched four times during the breeding season (15th May-30th July). Nests were located by 
systematically dragging each pasture with a 30-m weighted rope (Hovick et al. 2012, modified 
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from Davis 2005). Flagging was placed every 50 m along the outside of the survey area to ensure 
full coverage of each pasture. In the event of a bird flush, observers extensively searched the 
area. If the nest was not located but the adult displayed nesting behaviors (e.g. chipping), we 
flagged the location and returned to search the area at a later date. In habitat where rope-dragging 
was not feasible, flushing sticks were used to search for nests (Winter et al. 2003). For each nest 
located, the UTM coordinates were recorded using a Trimble GeoXT®, and flagging was placed 
near the nest to facilitate relocation. During the first visit, number of eggs and chicks were noted, 
and eggs were candled to determine nest age (Lokeomoen and Koford 1996). Subsequent nest 
visits occurred every 2-5 days until the nest failed or fledged young. We also recorded the 
number and stage of the eggs or nestlings of brown-headed cowbirds. Nests were considered 
successful if they fledged one or more young, as evident from observation of fledglings, parental 
feeding post-fledging, or presence of fledgling feces in nests. If nesting fate was unclear, we 
revisited the nest following nest completion to ascertain nest fate by observing parental behavior 
(e.g. chipping near nest).  
 
Nesting habitat data collection 
To investigate the effects of microhabitat on nest-site selection and nest success, nest vegetation 
was measured at nests approximately 3-5 days after nest fate was determined. We quantified 
vegetation composition at nests using five 0.5-m2 quadrats, with one quadrat centered on a nest 
and the remaining four placed at randomly selected distances (1-5m) from the nest in each 
cardinal direction (Daubenmire 1959, Dieni and Jones 2003). Within each quadrat we estimated 
percent cover of: warm-season grasses, cool-season grasses, forbs, legumes, bare ground, litter, 
and woody vegetation (Fisher and Davis 2010). Percent cover was characterized using the 
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midpoints of the following percentage classes: 0-5%, 5-25%, 25-50%, 50-75%, 75-95%, 95-
100%.  The invasive cool-season grass tall fescue was measured separately from other grasses. 
To assess vegetation height and density, we measured visual obstruction using a Robel pole 
(Robel et al. 1970). Litter depth (cm) and nesting substrate were also recorded in each quadrat 
(Davis 2005).   
 Because habitat edges, and especially woodland edges, may influence grassland nest 
survival (Renfrew and Ribic 2003, Patten et al. 2006, Ribic et al. 2012), we digitized woody 
cover using ArcGIS 10 (Environmental Systems Research Institute, Redlands, CA).We used 
digital orthophotos (U.S. Department of Agriculture 2011) to digitize woody cover within 1-km 
of pastures. We then used the “near” function in ArcMap to measure the distance between nests 
and nearest wooded edges.  
 To quantify available habitat in each pasture, we selected a paired “random” site for each 
nest site. Paired grassland sites were chosen by randomly selecting a distance between 30-50 m 
from the nest, based on a minimum territory radius among the three species (Martin et al. 1997), 
in a randomly selected direction (degrees 0-359° from North). Minimum territory radii were used 
to maximize the probability that random sites were contained within a given male’s territory.  
UTMs of random points were recorded using a Trimble GeoXT, and the same vegetation 
characteristics and edge distances examined at nests were measured at these points, excluding 
nesting substrate.  
 
Data Analyses 
Nest-site selection
 
Data collected at nests and random points were used to assess nest-site selection at the  
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microhabitat scale. We used conditional logistic regression to identify differences between nest 
sites and paired random sites (PROC PHREG SAS 9.2). Conditional logistic regression is well-
suited to the “case-control” (i.e. nest-random point) study design used to assess nest-site 
selection (Keating and Cherry 2004), accounting for non-independence between each nest-
random pair. We then generated a set of 22 models a priori, incorporating variables at the nest 
site, the area surrounding the nest, and the effect of distance to wooded edge (Table A.1).  The 
same set of models was used to evaluate nest-site selection in all species. We assessed 
correlations between habitat variables (PROC CORR, SAS 9.2) and did not include variables 
with |r| > 0.7 in the same model. Akaike’s Information Criterion adjusted for small sample sizes 
(AICc; Anderson 2008) was used to rank models based on model weights (wi).  To account for 
model uncertainty, we also calculated model-averaged parameter estimates for variables found in 
top models (those containing >90% of wi).  
 
Nest survival 
To investigate the effects of selected habitat features on nest survival, we estimated daily 
survival rates (DSR) using the logistic exposure method in PROC GENMOD (SAS 9.2, Shaffer 
2004). If nests contained only cowbird eggs or chicks upon discovery, they were excluded from 
analyses. As in the analyses described above, we generated models a priori based on previous 
research on these species, as well as the results from analyses of nest-site selection. 
We used a hierarchical modeling approach to examine the effects of multiple variables on the 
nest success of each species. Our intention with utilizing this approach was to consider multiple 
potential variables while still keeping our number of candidate models reasonably small. We 
began by examining those features included in analyses of nest-site selection, both at the nest-
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site (step 1) and within 5-m of the nest (step 2). In step 3, we examined both temporal (i.e. year, 
date) and biological (i.e. nest stage, number of parasite eggs) factors at the nest, as these often 
play a role in nest survival. Our last set of models (step 4) included factors related to site-level 
treatment and distance to edge (Table A.1). The top model from each step was used as the base 
model in the following step. Highly correlated variables (|r| > 0.7) were not included in the same 
model. We again ranked models based on model weights (wi), and generated model-averaged 
parameter estimates for variables included in top models. 
 
RESULTS 
Between 2012 and 2013 we located and monitored the nests of 268 grasshopper sparrows, 155 
dickcissels and 105 eastern meadowlarks. Eastern meadowlarks had the greatest proportion of 
successful nests with 32.3% of nests fledging young (SE 0.046). Grasshopper sparrows were 
similar, with 30.7% of nests fledging young (SE 0.028), while dickcissel nests had a success rate 
of 22.7% (SE 0.034). Rates of parasitism by brown-headed cowbirds were greatest among 
dickcissel nests (63.2% of nests parasitized), but were similar for grasshopper sparrow nests 
(34.5% of nests parasitized) and eastern meadowlark nests (36.2% of nests parasitized).  
Overall, un-parasitized nests had much larger clutch sizes (mean= 4.136; SE 0.063) than 
parasitized nests (mean = 2.646; SE 0.082). 
 
Nest-site selection 
   We observed distinct differences in vegetation between nest-sites and random habitat for 
all species (Table 3.1). Dickcissel nest-site selection was best predicted by the presence of 
woody cover, which was strongly selected for with an odds ratio of 1.146 (95% CI [1.089, 
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1.204]). Woody cover appeared in all top models for this species (Fig. 3.1).  The coverage of 
warm-season grasses and visual obstruction at the nest also appeared in top models, though the 
latter’s confidence interval overlapped one (Table 3.2). Nest-site selection in grasshopper 
sparrows indicated selection for low visual obstruction at the nest itself (Table 3.2), but 
especially within a 5-m radius of the nest (odds ratio = 0.503; [0.350, 0.656]; Fig. 3.2). 
Individuals were also more likely to establish nests in areas with greater cover of warm-season 
grasses and litter (Table 3.2). Coverage of litter (odds ratio = 1.056 [1.028, 1.085]; Fig. 3.3) and 
warm-season grasses (1.036 [1.011, 1.061]) appeared to be the best predictors of eastern 
meadowlark nest-site selection. Although visual obstruction within 5-m of the nest was also 
included in the top model (odds ratio = 0.689 [0.349, 1.029]) variability of this cover type was 
very wide, and the variable did very little to improve the model (Table 3.1). Though the top 
models for dickcissels and grasshopper sparrows contained over 95% of model weight indicating 
relative certainty of the “best” model, there was more model uncertainty for eastern meadowlark 
selection models. However, >99% of weight was contained in models including both litter and 
warm-season grasses (Table 3.1), indicating the overall importance of these factors. 
 
Nest survival 
Top models for nest survival varied among species, and generally had less support than models 
of nest-site selection. The only variable that was included in competitive models for all species 
was parasitism intensity (Table 3.3). Across all species, more intensively parasitized nests had 
decreased probability of survival (Fig. 3.4). The best model for nest survival in dickcissels also 
included the amount of fescue at the nest and treatment (Table 3.3). Survival rates generally 
decreased with increasing fescue cover, but the effect of fescue was weak (βfescue = -0.006 [-
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0.013, 0.002]; Figure 3.5). Likewise, survival was only marginally greater in patch-burned 
pastures (DSR = 0.918 [0.886, 0.941] than in graze-and-burn pastures (DSR = 0.896 [0.870, 
0.917]; Table 3.2). Forb cover was the most important nest-site characteristic influencing 
grasshopper sparrow nest survival (βforb = 0.015 [0.003, 0.026]; Fig. 3.6). Both stage (βstage = 
0.428 [0.083, 0.773]) and distance to wooded edge (βdist_wood = -0.002 [-0.005, 0.0002]; Fig. 3.7) 
were also included in the final model predicting daily survival rates of grasshopper sparrow 
nests. Habitat models for eastern meadowlark nest survival indicated that survival probability 
decreased with decreasing woody cover (Fig. 3.8) and increasing visual obstruction, though 
confidence intervals for both variables overlapped zero (Table 3.2). In addition to these 
microhabitat features, distance to wooded edge was also important (βdistwood = 0.003 [0.001 
0.006]; Fig. 3.7), with increased nest survival with increasing distance to edges. Year was also 
included in top models for eastern meadowlarks, with daily survival rates of 0.919 [0.880, 0.947] 
in 2012 and 0.951 [0.932, 0.965] in 2013 (Table 3.2).  
 
DISCUSSION 
Grassland bird species in this study displayed marked patterns of selection for habitat features at 
the nest site, but these features did not appear to influence nest survival. Though patterns of 
selection were generally species-specific, we detected strong trends for selection of warm-season 
grasses at nests of all three species. Native warm-season grasses such as little bluestem 
(Schizachyrium scoparium) and indiangrass (Sorghastrum nutans) are often planted in hopes of 
attracting grassland birds (Delisle and Savage 1997, Henningsen and Best 2005), as these plant 
species were historically abundant in tallgrass prairies. These species are likely preferred by 
grasshopper sparrows and eastern meadowlarks over sod-forming cool-season grasses. Tufts of 
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living or dead warm-season grasses can serve as sturdy backing for dome nests, while providing 
open areas nearby for foraging (Vickery 1996, Jaster et al. 2012). Dickcissels were also observed 
placing nests in warm-season grasses, as the dead stems of these grasses provide enough support 
for above-ground nests. Other selected nest traits also reflected species-specific requirements for 
nest structure. Dickcissel preference for greater woody cover was driven by the need to construct 
nests within sturdy and rigid substrates, while eastern meadowlarks likely selected areas of dense 
litter to allow construction and concealment of their relatively large domed nests.   
 In addition to specific preferences for nesting substrate, nest placement in these species 
was arrayed along a gradient of disturbance, as we anticipated. Within grasslands, these three 
species are sometimes considered habitat generalists (Winter et al. 2000, Hovick et al. 2012, 
Ribic et al. 2012). However, habitat preferences of these species ranges from the short vegetation 
of highly disturbed areas frequented by grasshopper sparrows to the thicker, denser vegetation 
which dickcissels generally inhabit (Patterson and Best 1996, Fuhlendorf and Engle 2001, 
Coppedge et al 2008). Similarly, we observed dickcissels placing nests in somewhat higher 
vegetation, grasshopper sparrows placing nests in lower vegetation, and eastern meadowlarks 
nesting in intermediate habitat structure. This trend underscores the importance of heterogeneity 
in grasslands that provides vegetation structure for a range of breeding species. 
 Although theory suggests that selection of nest-sites should influence nest success 
(Martin 1998, Clark and Shutler 1999), this was not the trend we observed. In fact, models of 
nest success did not provide substantial support for any of the nest features selected by these 
species. Similar findings are not uncommon in studies of nesting ecology (e.g. Crabtree et al. 
1989, Filliater et al. 1994, Davis 2005). Though such results have often been explained by 
random patterns of nest predation (e.g. Filliater et al. 1994), recent advances in the use of camera 
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technology for nest monitoring provide evidence for a different mechanism. The absence of 
“safe” nesting sites due to diverse predator communities has been previously suggested (Dion et 
al. 2000), but camera data have confirmed the large number of predator species preying upon 
grassland bird nests (Renfrew and Ribic 2003, Pietz et al. 2012, Ribic et al. 2012). Indeed, the 
predator community in the Grand River Grasslands is highly diverse, with nests of grasshopper 
sparrows depredated by at least 13 species including raptors, corvids, snakes, and 
mesocarnivores (Lyons 2013). Because these taxa exhibit different habitat preferences and 
search behaviors, selection of a given nest trait may reduce predation risk for one species of 
predator, but result in greater risk for another. As such, birds may not be able to select nest sites 
which ubiquitously reduce predation.   
 Whereas selected habitat features were not linked with nest success, other habitat traits 
did appear to confer benefits to nesting birds. At the scale of the nest site, we observed greater 
grasshopper sparrow nest survival in with increasing forb cover. Forbs have often been linked 
with increased survival in grassland birds (Berkeley et al. 2007), possibly due to avoidance of 
forb cover by snakes (Klug et al. 2010) and mammals (Dion et al. 2000, Lyons 2013). 
Additionally, high forbs may provide heterogeneous canopy cover, which may aid in concealing 
nests and decreasing predation (Bowman and Harris 1980) while maintaining open understory 
for adult movement. Turf-forming cool-season grasses may provide cover, but their structure is 
relatively homogenous and too dense for species that forage on bare ground (Barnes et al. 1995).  
 In addition to habitat characteristics at the scale of the nest site, habitat edges have also 
commonly been implicated in studies of nest survival. Survival is sometimes found to be low 
near edges, yet again such trends may be predator-specific. Increased levels of parasitism (Jensen 
and Fink 2004, Patten et al. 2006) and predation by habitat generalists (Winter et al. 2000, 
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Renfrew and Ribic 2003, Ribic et al. 2012) are often observed along wooded edges, but these 
same edges experience lower levels of predation from grassland-specific species (Ribic et al. 
2012). Within the Grand River Grasslands, grasshopper sparrow nests were more likely to fledge 
near wooded edges, while eastern meadowlark survival showed the opposite pattern. These 
opposing trends could be explained by different predator groups focusing on the nests of these 
two species. 
 In the case of eastern meadowlarks, this trend may also be partially explained by brown-
headed cowbird preferences for habitat edges. If brown-headed cowbirds are heavily parasitizing 
nests near edges as observed in other studies (Patten et al. 2006, Benson et al. 2013), 
meadowlarks may be experiencing greater rates of parasitism or predation from cowbirds at 
these edges, reducing nest success as a result. Parasitism intensity had a substantial effect on the 
survival of meadowlark nests, and also played a role in survival of other species. Brown-headed 
cowbirds can have huge negative impacts on nest survival. This species removes host eggs 
before laying their own, and has also been known to kill host nestlings to facilitate re-nesting 
(Hoover and Robinson 2007). Once parasite eggs have hatched, the young reduce overall food 
availability to host nestlings (Dearborn et al. 1998), and can augment aural and olfactory cues 
which may attract predators to nests (Dearborn 1999). Thus, it is not surprising that parasitism 
reduced the probability of nest success for these species and that this effect was large for species 
that experienced high parasitism intensity (e.g. eastern meadowlark).  
 We observed parasitism influencing nest success, but success was measured as the 
probability that at least one host young fledged.  Parasitism also decreases the number of 
individuals that can fledge from a nest. On average, parasitism reduced host clutch sizes by 1.3 
eggs. Cowbird preferences for dickcissel nests, which have also been observed elsewhere (Rivers 
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et al. 2010, Buxton 2014), led to host clutch size reductions of almost 2 eggs in this species. 
Even in cases where parasitism does not lead to nest failure, it may be a major factor influencing 
breeding success in this system. 
 Although land management has the potential to influence habitat selection and survival in 
grassland birds, treatment did not appear to play a large role in nest success in our system. 
Treatment was included in the final model for dickcissel nest survival, but its inclusion did not 
substantially improve upon the base model, and confidence intervals for the parameter estimate 
overlapped zero. While management did not directly influence nest survival, it appears to have 
played a role in nest-site selection at the patch scale. Eastern meadowlark nest densities were 
very low in recently burned areas (Duchardt, unpublished data), which is unsurprising given 
litter cover was sparse in these areas. Because only one-third of a patch-burned pasture is burned 
each year, this technique likely provides more consistent habitat for grassland birds than 
homogeneous management. Thus, the proportion of a given habitat trait (e.g. litter or visual 
obstruction) is consistent between years on patch-burned pastures, while these traits are more 
variable between years on graze-and-burn pastures (Thesis Chapter 1). Given variable patterns in 
nest predation and the unpredictability of habitat availability in many remaining grassland 
regions (e.g. cropland conversion; Wright and Wimberly 2013), this consistency could provide 
substantial benefits to declining species of grassland birds.  
 Overall, our study indicated that these species exhibit strong patterns of nest-site 
selection, but that selection did not improve nest success. These results suggest that nest-site 
selection may be more constrained by the availability of suitable nesting substrate, while overall 
predation risk does not vary predictably among various substrates. Patterns of brown-headed 
cowbird presence and parasitism in response to habitat and landscape variables should be 
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investigated further, as nest success was consistently lower when parasitism was intense. Though 
more studies incorporating nest cameras may serve to clarify some of these mechanisms in the 
future, this study provides a good basis for understanding grassland bird nest-site selection and 
nest success in the context of management using fire and grazing.  
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TABLES  
Table 3.1. Conditional logistic regression models explaining the effects of micro-habitat on nest-
site selection in dickcissels, grasshopper sparrows and eastern meadowlarks. Table includes the 
number of parameters included in the model (K), Akaike’s information criterion adjusted for 
small sample sizes (AICc), ∆AICc, and model weights (wi).Top models include the effects of 
woody vegetation (Wood), warm-season grasses (WSG), litter, and visual obstruction at the nest 
(Robel) and within 5-m of the nest (Area_Robel). Models displayed contain > 99% of the model 
weight for each model set. 
 
 
 
 
 
Species Model k AICc ∆AICc wi 
Dickcissel Wood +WSG1 3 92.137 0 0.968 
Wood 2 99.927 7.790 0.020 
Wood +Robel 3 100.806 8.669 0.013 
Robel + WSG1 3 166.007 75.337 <0.001 
Grasshopper Area_Robel + Litter + WSG1 4 301.311 0 0.996 
sparrow Robel + Litter + WSG1 4 312.535 11.224 0.004 
 
Robel + WSG1 3 320.715 19.404 >0.001 
 
Litter + WSG1 3 323.159 21.896 >0.001 
 
     
Eastern Litter + WSG1 + Area_Robel 4 108.614 0 0.426 
meadowlark Litter + WSG1 3 108.844 0.230 0.380 
 Litter + WSG1  +Robel 4 110.261 1.647 0.187 
 
Litter 2 116.852 8.238 0.007 
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Table 3.2. Odds ratios and coefficients from top models of nest-site selection and nest success 
for dickcissels, eastern meadowlarks and grasshopper sparrows. Standard errors (SE) and 95% 
confidence intervals (CI) are also shown. Parameter estimates are model-averaged except where 
specified. Abbreviations for variables are the same as described in Table 3.1 
NEST-SITE SELECTION     NEST SURVIVAL 
Dickcissel 
Odds 
ratio SE 95% CI     β  SE 95% CI 
Woody cover 1.146 0.029 1.089 1.204* Fescue1 -0.006 0.004 -0.013 0.002 
WSG 1.038 0.014 1.010 1.066* Parasite -0.121 0.072 -0.262 0.019 
Robel 1.180 0.180 0.820 1.532 Year 0.275 0.197 -0.111 0.661 
Treatment1 -0.328 0.226 -0.771 0.114 
Grasshopper sparrow         
Litter 1.018 0.006 1.007 1.029* Forb1 0.015 0.006 0.003 0.026* 
WSG 1.026 0.007 1.012 1.04* Robel1 0.125 0.091 -0.053 0.303 
Robel 0.700 0.075 0.553 0.847* Parasite -0.111 0.094 -0.296 0.073 
Area_Robel 0.503 0.079 0.350 0.656* Stage 0.428 0.176 0.083 0.773* 
Dist_wooded edge1 -0.002 0.001 -0.005 0.000 
Eastern meadowlark         
Litter 1.056 0.014 1.028 1.085* Woody cover1 0.257 0.198 -0.132 0.646 
WSG 1.036 0.013 1.011 1.061* Robel1 -0.197 0.111 -0.414 0.021 
Robel 1.167 0.221 0.735 1.600 Parasite -0.150 0.120 -0.385 0.085 
Area_Robel 1.000 0.011 0.989 1.011 Year -0.572 0.266 -1.092 -0.051* 
      
Dist_wooded edge1 0.003 0.001 0.001 0.006* 
 
* where 95% confidence intervals do not overlap 1 (Odds ratios) or 0 (β coefficients) 
1 only one model appears with this variable in the model set, making model-averaging infeasible 
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Table 3.3. Best models predicting daily nest survival (DSR) for three grassland species, as well as number of parameters included in 
the model (K), Akaike’s information criterion adjusted for small sample sizes (AICc), ∆AICc, and model weights (wi). All four 
modeling steps are shown. The three best models in a given modeling step are shown. 
Dickcissel Grasshopper sparrow Eastern meadowlark 
Model K AICC ∆AICC wi   Model K AICC ∆AICC wi   Model K AICC ∆AICC wi 
STEP 1: MICROHABITAT 
Fescue 2 462.7 0 0.27 Forb 2 781.0 0 0.68 Wood 2 292.6 0 0.54 
Null  1 463.0 0.35 0.23 Null 1 785.0 4.07 0.09 Robel 2 295.1 2.53 0.15 
CSG 2 464.0 1.34 0.14 Robel 2 785.1 4.14 0.09 Null  1 296.0 3.42 0.10 
STEP 2: 5-M HABITAT 
Null (Fescue) 2 462.7 0 0.65 Null (Forb) 2 781.0 0 0.42 Null (Wood) 2 292.6 0 0.37 
Fescue + SD_Robel 3 463.1 0.49 0.51 Forb + SD_Robel 3 782.2 1.26 0.22 Wood + SD_Robel 3 293.1 0.49 0.29 
Fescue + Area_Robel 3 464.5 1.89 0.25 Forb + Area_Wood 3 782.4 1.38 0.21 
Wood + 
Area_Robel 3 293.9 1.29 0.20 
STEP 3: BIOLOGICAL 
Fescue + Parasite 3 462.5 0 0.21 Forb + Stage 3 777.2 0 0.45 Wood + Year  3 291.0 0 0.27 
Null(Fescue) 2 462.7 0.12 0.20 Forb + Stage + Parasite 4 777.8 0.58 0.34 
Wood+ Year + 
Parasite 4 291.1 0.08 0.26 
Year 2 463.2 0.72 0.15 Null (Forb) 2 781.0 3.75 0.07 Null (Wood) 2 292.6 1.63 0.12 
STEP 4: MANAGEMENT/LANDSCAPE 
Fescue + Parasite + TRT 4 462.4 0 0.41 
Forb + Stage + 
Dist_wood 4 776.3 0 0.44 
Wood + Year + 
Dist_wood 4 285.3 0 0.74 
Null (Fescue + Parasite) 3 462.53 0.16 0.38 Null (Forb + Stage) 3 777.2 0.96 0.27 Wood + Year + TSF 5 290.1 3.47 0.13 
Fescue + Parasite + 
Dist_Wood 4 464.33 1.96 0.15 Forb + Stage + TRT 4 777.9 1.69 0.19 Null (Wood +Year) 3 290.8 4.22 0.09 
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FIGURES 
 
 
 
 
 
 
 
 
Figure 3.1. Probability of dickcissel (DICK) nest-site selection as a function of woody cover 
(with 95% confidence intervals shown) 
 
 
 
 
 
 
 
 
 
Figure 3.2. Probability of grasshopper sparrow (GRSP) nest-site selection as a function of visual 
obstruction (dm) in the nest area (with 95% confidence intervals shown) 
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Figure 3.3. Probability of Eastern meadowlark (EAME) nest-site selection as a function of litter 
cover (with 95% confidence intervals shown) 
 
 
 
 
 
 
 
 
Figure 3.4. Predicted daily survival rates (DSR; ± 95% CI) for (A) dickcissel, B) grasshopper 
sparrow and C) eastern meadowlark nests as a function of the number of parasite eggs in a nest 
(parasitism intensity). 
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Figure 3.5. Predicted daily survival rates (DSR; ± 95% CI) for dickcissel nests as a function of 
fescue cover. 
 
 
 
 
 
 
 
 
  
Figure 3.6. Predicted daily survival rates (DSR; ± 95% CI) for grasshopper sparrow nests as a 
function of forb cover. 
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Figure 3.7. Predicted daily survival rates (DSR; ± 95% CI) for grasshopper sparrow (A) and 
Eastern meadowlark (B) nests as a function of distance to wooded edge. 
 
 
 
 
 
 
 
 
 
 
Figure 3.8. Predicted daily survival rates (DSR; ± 95% CI) for Eastern meadowlark nests as a 
function of woody cover. 
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CHAPTER 4 
CONCLUSIONS 
 
 Though patch-burn grazing on small, fragmented grasslands is less straightforward than 
in contiguous habitat, this method still has the potential to improve grassland bird habitat and 
increase species diversity. We observed that adjustments to management, namely adjusting 
stocking rates, helped to improve the efficacy of patch-burning and increase patch-contrast on 
managed pastures. As a result, these sites provided a wider array of structural habitat for focal 
species, leading to greater obligate grassland bird diversity on patch-burn grazed sites than those 
managed homogenously. Though certain species (i.e. grasshopper sparrows) were very abundant 
on all grazed sites and others (i.e. sedge wrens) were most abundant on un-grazed sites, all 
appeared to reach at least moderate densities on patch-burned pastures. This illustrates how these 
sites provide diverse habitat structure, attracting species with habitat preferences across the entire 
structural gradient.  
 The periodic disturbance on our study sites was also important to nest-site selection in 
obligate grassland species, as nest-site preferences ranged from areas of dense litter in unburned 
patches (eastern meadowlark) to low vegetation density in recently disturbed patches 
(grasshopper sparrow). The nesting success of grassland birds in the Grand River Grasslands was 
comparable with rates observed in other managed landscapes. Although we detected little 
difference in survival among management types, it was encouraging to observe that survival on 
these sites is comparable to rates observed elsewhere, and that numbers of nesting individuals 
were high. Contrary to expectations, nest-site selection did not appear to be linked with increased 
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probability of nest success. Two explanations are likely for this trend: first, individuals are 
constrained by the requirements of nest construction, thereby limiting potential nest-sites. 
Second, the predator community in the Grand River Grasslands has been shown to be diverse 
(Lyons 2013), potentially making predation likely across a range of potential nest sites.  
 
Future Directions 
 Recent changes to management in the Grand River Grasslands, namely adjusting stocking 
rates, helped to improve management efficacy. However, additional adjustments may further 
improve management efficacy on these sites, and in other fragmented grasslands. For example, 
minimizing the lag time between burning and cattle stocking can increase focal grazing on new 
growth in the burn patch, reducing visual obstruction on that patch and increasing pasture-level 
heterogeneity (Scasta 2014).  
 It is also important to consider site-level features when considering the use of patch-
burning for grassland bird management. Managers should factor in patch-size when considering 
this technique: below a certain threshold, pastures may be too small to sustain cattle herds, and 
grazing may necessarily shift away from the burn patch when forage is quickly depleted. 
Additionally, sites highly invaded by tall fescue or with many wet, low-lying areas may prove 
difficult to burn, making patch-burning less straightforward. On such sites, patch-burning may 
not be the most efficient management technique. 
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APPENDIX 
Table A.1.  Model sets for nest-site selection and nest success in grasshopper sparrows, eastern 
meadowlarks, and dickcissels 
 
Temporal/Biological Nest-site Nest-area Macrohabitat 
Stagea Robel a,b Area_Robel a,b Treatment (TRT) b 
Parasite Eggsa Litter a,b SD_Robel a,b Time-since fire (TSF) b 
Seasonal_datea Fescue a,b Area_Woody a,b Dist_Wood a,b 
Yeara WSG a,b Area_Litter b 
Stage + Parasitea Woody a,b Area_Fescue b 
Year + Parasite a Forb a,b Area_Robel + Litter + WSG b 
Year + Seasonal_datea CSG a,b 
Area_Robel + Area_Litter 
 + Area_Fescue b 
Litter_Depth b 
Woody + WSG b 
Woody + Robel b 
Litter + WSG b 
Robel + WSG b 
Robel + Litter + WSG b 
 
a Models used in hierarchical modeling of nest success 
b
 Models used in modeling of nest-site selection 
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Table A.2. Models predicting daily nest survival (DSR) for three grassland species, as well as 
number of parameters included in the model (K), Akaike’s information criterion adjusted for 
small sample sizes (AICc), ∆AICc, and model weights (wi).  
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Figure A.1.  Community structure of management treatments within years; axes 1 and 3 displayed. Treatment codes are as follows: 
BO (Burn-only; diamond), GB (Graze-and-burn; triangle), PBG (Patch-burn graze; circle). Years correspond with colors: 2010 
(yellow), 2011 (orange), 2012 (black), 2013 (blue). 
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Figure A.2. Community structure of management treatments within years; axes 2 and 3 displayed. Treatment codes are as follows: BO 
(Burn-only; diamond), GB (Graze-and-burn; triangle), PBG (Patch-burn graze; circle). Years correspond with colors: 2010 (yellow), 
2011 (orange), 2012 (black), 2013 (blue). 
